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Abstract 
A simple technique for processing cells grown on 
BEEM capsule caps for scanning electron microscopic 
(SEM) observation is described . The cells adhere to a 
substratum on the inner surface of caps coated with ei-
ther an egg white-polyvinylpyrrolidone solution or a pol-
y lysine solution in the case of eukaryotic cells and an a-
gar solution in the case of bacteria . The adhering cells 
are cultured and then processed in situ for SEM observa-
tion. Electron micrographs revealed details of the shape 
of the cells growing on the surface of the substrate. The 
technique seems to be particularly well suited for ob-
serving sequential morphological changes of cells, bacte-
ria, and protozoa cultured under a specified experimental 
co ndition as well as of interactions betwee n cells and 
parasitic microorganisms. 
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Introduction 
One disadvantage of scanning electron microscopy 
(SEM) is that living cells cannot be directly observed 
under the microscope . A growth pattern of cells in cul-
ture, their interactions with other microorganisms , and 
sequential changes that may occur at different time inter-
vals during the culture are difficult to study. Previous-
ly , we reported a simple transmission electron micro-
scopic (TEM) technique for growing cells on BEEM cap-
sule caps (size 00, BEEM Inc. , Bronx, NY) and fixing 
and embedding these cells in situ at different time inter-
vals (Asafo-Adjei et al., 1987). This technique can also 
be applied for SEM, and it can provide a useful means 
for observing sequential changes of cellular sizes, 
shapes, and appearances in a specified experimental con-
dition. This paper describes a technique for in-situ 
processing of cells grown on BEEM capsule caps for 
SEM and reports some of the results that were obtained 
with the technique . 
Materials and Methods 
Growing cells 
One hundred BEEM capsule caps were placed in 
a 2,000-ml beaker with 1,000 ml acidic water (3 drops 
of 70% nitric acid) and boiled for 1 hour. The caps 
were then rinsed thoroughly with distilled water and 
coated with an egg white-polyvinylpyrrolidone solution 
(Brigati et al., 1983) as described previously (Asafo-
Adjei et al., 1987) . In some cases, the caps were coated 
with a poly-D-lysine solution (50 µg/ml, MW 70,000-
150,000 , Sigma Chemical Co., St. Louis, MO) by 
spreading 50 µl of the solution over the inside of each 
cap and drying the solution in an oven at 65°C for 2 
hours. For the culture of E. coli, the insides of the caps 
were coated with a 5x diluted tryptic soy agar solution 
in the same manner as they were coated by the polyly-
sine solution . The coated caps were stored at 4 °C until 
use. Prior to cell growth, the caps were sterilized by 
exposure to a ultra violet (UV) germicidal lamp for 30 
minutes. For a cell or bacterial culture, a drop of cell 
or bacterial suspension was placed in the center of each 
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Figure 1. a. Arrangement 
of samples on BEEM cap-
sule caps in a wet chamber 
for incubation. b. Remov-
al of the edge of a cap by a 
#3 cork borer before 
mounting. c. Mounting of 




cap, and the cap was placed in an appropriate moist 
chamber for incubation as shown in Fig. la. The moist 
chamber was placed in an incubator for culture for a se-
lected time. For a sequential study, a large number of 
samples could be prepared and handled without any dif-
ficulty. Mammalian cells usually adhered to the surface 
of the cap within 1 hour, and bacteria within 2 hours. 
In-situ processing 
The eukaryotic cells or bacteria adsorbed on the 
surface of the cap were washed once by dipping the cap 
into phosphate-buffered saline (PBS) and then fixed by 
placing the cap in 4FlG fixative (NaH 2PO4 H2O, 11.6 
gm; NaOH, 2.7 gm; 37-40% formaldehyde, 100 ml; 
50% glutaraldehyde, 20 ml; to make up to 1,000 ml with 
water: McDowell and Trump, 1976) for l hour at room 
temperature. The samples were then washed with 0.1 M 
cacodylate buffer (pH 7.4), postfixed in 1 percent caco-
dylate-buffered osmium tetroxide, and dehydrated in a 
series of graded ethanol-water solutions ending in abso-
lute ethanol. The samples were dried by a critical point 
apparatus (Samdri, Tousimis Research Corporation , 
Rockville, MD), using liquid carbon dioxide as the tran-
sition fluid. The rim of the cap was removed by using 
a #3 cork borer (Fig. lb). The base of the cap was 
placed on the stud using a sticky tab (Ernest F. Fullam, 
Inc., Latham , NY) as shown in Fig. le, and coated with 
gold/palladium in an automatic sputter-coating apparatus 
(Samsputter-2a, Tousimis Research Corporation). The 
samples were examined with a Hitachi S-450 scanning 
electron microscope operated at 20 kV . 
Results and Discussion 
We examined a variety of different types of speci -
mens by the present technique . When a drop of blood 
obtained from a sickle-cell-anemia patient was placed 
with a drop of 2 % sodium metabisulfite solution on a 
BEEM capsule cap coated with egg white-polyvinylpyr-
rolidone and was incubated for 30 minutes at room tem-
perature, the erythrocytes that adhered to the substratum 
showed bizarre shapes, indicating ocurrence of sickling 
(Fig . 2a). 
In Fig . 2b, a small piece of perfused mouse 
spleen was immersed in a drop of culture medium (medi-
um 199 with 10% fetal bovine serum) placed on a BEEM 
capsule cap coated with egg white-polyvinylpyrrolidone 
and incubated for I hour at 37 °C. At the end of in-
cubation, the splenic piece was removed, and a drop of 
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promastigote suspension (70% Schneider's medium and 
30% fetal bovine serum) of Leishmania mexicana mexi -
cana, WR-224, was added, and the mixture was incu-
bated for another hour at 37 °C. The scanning electron 
micrograph shows promastigotes (arrowheads) attaching 
to wandering splenic cells. 
In Fig . 2c, a drop of mouse blood infected with 
Trypanosoma brucei was placed on a BEEM capsule cap 
coated with egg white -polyvinylpyrrolidone and incuba-
ted for 1 hour at 37 °C. The scanning electron micro-
graph shows a trypanosome (arrowhead) among red 
blood cells. 
In Fig. 2d, a drop of human polymorphonuclear 
leukocyte (PMN) suspension (RPMI 1640, Gibco, con-
taining 10% fetal bovine serum, 4 µg/ml glutamine, and 
antibiotics) prepared by percoll fractionation (Harbeck 
et al., 1982) was placed on a BEEM capsule cap coated 
with egg white-polyvinylpyrrolidone and incubated at 
37°C; l hour later, a drop of gonococcal (Neisseria 
gonorrhoeae) suspension was added in the ratio of 20 
bacteria per cell and incubated for an additional 5 
minutes . The scanning electron micrograph shows gono-
cocci (arrowheads) in the process of phagocytosis by 
polymorphonuclear leukocytes adhered to the substra-
tum. 
In Fig. 2e and f, a drop of H-9 human lympho-
blastoid cell suspension (RPMI 1640, Gibco, containing 
10% fetal bovine serum, 4 µg / ml glutamine, and anti-
biotics), was placed on a BEEM capsule cap coated with 
polylysine and incubated for 1 hour at 37 °C; then , a 
drop of an inoculum containing AIDS virus (HTLV IIIB) 
was added . After 4 days of culture , the electron micro -
graphs show numerous budding AIDS virus particles 
(arrowheads) on the surfaces of H-9 syncytial cells. 
In Fig. 3, a drop of pen-assay broth in which 
Escherichia coli had been growing for 24 hours was 
placed on each of BEEM capsule caps coated with tryp-
tic soy agar and incubated for 2 hours at room tempera-
ture. At the end of incubation, the bacteria were washed 
once with PBS and treated with the 12.5 % sucrose solu -
tion containing lysozyme (1 mg/ml) and EDTA (30 
mg/ml) for 15 minutes at 0 °C and then 5 minutes at 
37 °C by flooding the solution to the rim. The bacteria 
were then washed with PBS and covered with fresh pen-
assay broth for further incubation for selected time 
intervals. The scanning electron micrographs show un-
treated colibacilli (Fig . 3a), rounded protoplasts at l 
hour after the treatment (Fig. 3b), mixture of rounded 
In-situ cell processing for SEM 
protoplasts and reverting rod-form colibacilli at 24 hours 
after the treatment (Fig. 3c), and return to rod-formed 
colibacilli at 48 hours after the treatment (Fig. 3d). 
Admittedly , for observation of cultured cells un-
der the light microscope, the coated BEEM capsule caps 
are less transparent and therefore less satisfactory than 
the coated coverslips that are frequently used for similar 
purposes. However, when electron microscopic study is 
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Figure 2. a . Erythrocytes from a sickle -cell -disease 
patient showing variable, bizarre shapes as a result of 
sickling . b. Promastigotes (arrows) of Leishmania 
mexicana mexicana attaching to mouse spler!ic wander-
ing cells. c. A Trypanosoma brucei (arrow) in the blood 
of an infected mouse . d. Gonococci (arrows) attaching 
to human polymorphonuclear leukocytes . e and f . 
AIDS virus (arrows) budding from H-9 syncytial cells. 
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Figure 3 . Change in shape of E. coli brought about by a lysozyme treatment. a . Rod-form bacteria before the treat -
ment. b. Round protoplasts I hour after the treatment. c. Reversion of protoplasts to rod-forms 24 hour s after the 
treatment. d. Multiplication of rod-forms 49 hours after the treatment. 
solely intended , the caps are much easier to handle in 
large numbers than the coverslips, without any worry of 
breakage. Moreover , we can process some caps for 
TEM as described previously (Asafo-Adjei et al., 1987) 
and others for SEM as described here. This enables us 
to examine a sample grown in a same condition by both 
TEM and SEM for comparison. The surface of the cap 
is coated smoothly by any of the solutions used in this 
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study and provided a good background for observing cul-
tured cells by SEM . Occasionally, fine rippled surfaces 
appeared locally , but they did not at all interfere with 
observation of cultured cells . The BEEM capsule caps 
and sticky tabs did not lead to charging problems . The 
present method is suited for culture of a large number of 
samples of eukaryotic cells or bacteria indi vid uall y. 
Cells or bacteria can be treated with various agents or 
In-situ cell processing for SEM 
interacted with other types of cells or bacteria during the 
culture, and resulting changes can be observed 
chronologically by SEM by removing a certain number 
of caps at a time from the cult ure chamber. 
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Discussion with Reviewers 
S. L. Goodman : When cutting off the rim of the cap 
does the disk ever remai n inside the cork borer? How is 
the disk removed without damaging the specimen sur -
face? We find that when examining specimens adherent 
to plastic supports that a line of conductive paste from 
the plastic support to the stub is necessary to ensure 
proper grounding. How thick is your Au/Pd coat? 
Authors : Yes , the disk remains inside the cork borer. 
We can take advantage of this by placing the end of the 
cork borer on top of the stud covered with a sticky tab 
and pushing the edge of the disk by an applicator stick 
so that the disk is pressed directly on to the sticky tab . 
We sputter Au/Pd at 50 millitorr and 40 milliamps for 
30 seconds that will give a coating of I 00 Angstroms on 
a smooth surface. For monolayer cell specimens, we 
have not experien ced any char ging probl ems using the 
above procedure . 
